ABSTRACT The lung cancer mortality experienced by a cohort of 3025 workers from a nickel cadmium battery factory during the period 1946-84 has been investigated. Occupational histories were described in terms of 75 jobs: eight with "high," 14 with "moderate" or slight, and 53 Holden reported a non-significant deficit for dying from cancers of the respiratory system among his group of cadmium workers (expected = 13-14, observed = 10) and a significant excess among his group of "vicinity" workers (expected = 26-08, observed = 36).3
In 1976 Lemen et al reported an overall excess mortality from cancers of the respiratory system among a cohort of cadmium smelter workers (expected = 5-11, observed = 12, p < 0 05).1 In an updated analysis of a larger cohort from the same plant Thun etal also reported excess mortality from cancers of the respiratory system (expected 12-15, observed = 20, p < 0o05).2 Overall, new information from this study thus consists of eight observed deaths with an expectation of 7 04. Thun et al, however, were also able to estimate individual workers' cumulative exposure to cadmium and they reported a statistically significant trend of increasing risk of death from lung cancer across three exposure groups. 2 Holden reported a non-significant deficit for dying from cancers of the respiratory system among his group of cadmium workers (expected = 13-14, observed = 10) and a significant excess among his group of "vicinity" workers (expected = 26-08, observed = 36).3 Armstrong and Kazantzis reported findings for lung cancer for the following exposure groups: "ever high" (expected = 4 4, observed = 5), "ever medium" (expected = 24 2, observed = 27), and "always low" (expected = 157 0, observed = 167). 4 Given the numbers of deaths, the SMRs for these Accepted 9 February 1987 three groups were similar 113, 112, and 106 respectively).
In an earlier report of mortality among the cohort of nickel cadmium battery workers described in this paper Sorahan it takes the form of cadmium oxide (hydroxide) dust and in the early factories there was little local exhaust ventilation.
Study population
The study population has been described else- The mortality of this cohort was compared with that which might have been expected to occur if mortality for the general population of England and Wales had been operating on the study cohort, having due regard to the composition of the study cohort by age, sex, and calendar year. Expected numbers of deaths were calculated using the MANYEARS program developed by Peto. Individuals entered the person-years at risk (PYR) at the end of the one month minumum period of employment or 1 January 1946, whichever was the later date, and left the PYR on the closing date of survey, date of death, date of embarkation, or date lost to follow up, whichever was the earliest.
Individuals were "censored" on reaching their 85th birthday-that is, no contributions are made to observed numbers or to expectations after this age.
INTERNAL STANDARD
Internal comparisons of the mortality of subgroups defined in terms of duration of employment in exposed jobs were made using the Mantel-Haenszel approach applied to prospective studies.6 7 For these neoplasms and for lung cancer, a regular trend of SMRs increasing with successive periods from first employment.
The overall SMR for all neoplasms other than lung cancer is 97 (early workers, SMR = 93; late workers, SMR = 103).
With exposure estimated as duration of employment in high exposure jobs, the trend statistic (linearly weighted) for the risk of death from all causes to increase (or decrease) progressively over exposure categories was close to zero (table 6). The chi-square for homogeneity was also unexceptional. Similar results were also obtained for all cancers. A larger trend statistic was obtained for lung cancer, although this statistic did not approach a level of statistical significance (p = 0 3).
These analyses were repeated with exposures "lagged" by 10 years. (One consequence of this is that deaths in the first 10 years from starting employment are uninformative and are ignored.) The trend statistic for lung cancer was reduced from 1-07 to 0 65.
For deaths from lung cancer, the analysis was carried out separately for early workers and for late workers ( 
Discussion
Not all the personnel records relating to workers first employed at the two original factories (1923-46) are still available for analysis. This is hardly surprising, and in fact the degree of detail and completeness of record keeping at the factory was outstandingly high.
It would be easy to postulate a tendency for the records of those early workers who remained after the amalgamation to be the records that were kept-that is, records of a "survivor population," and this hypothesis is supported by the observation of a lower overall SMR among early workers (SMR = 96) than among late workers (SMR = 107). Furthermore, there is evidence of a standard healthy worker effect in the late workers, with a tendency for overall SMRs to increase with successive periods from first employment.t Such an effect is not shown in the early workers for whom the corresponding trend is in the opposite direction. This is also suggestive of an incomplete cohort for early workers.
The classification of jobs by degree of exposure to cadmium (see appendix) is also likely to be much more meaningful for the period 1947 onwards because firstly, the personal experience of those individuals who helped with the classification related to this period rather than to pre-1939 conditions and, secondly, in one of the early factories different jobs were carried out in the same "shop."
Thus there are two important reasons why we could place more reliance on the findings for the late workers. Nevertheless, it is also the case that the instances of highest exposure to cadmium probably occurred before 1939.
Of the 82 deaths from cancers of the respiratory system (ICD 8: 160-163) analysed in our 1983 publication, two were excluded from this Mantel-Haenszel analysis of deaths from lung cancer because they were deaths from respiratory cancer other than lung cancer. (There were no deaths from lung cancer after the age of 84). Thus the 102 deaths from lung cancer analysed in this report (with a procedure which may be viewed as complementary to the method of regression models in life tables) include 22 deaths not previously analysed.
Among early workers, there was some evidence of an association between risk of death from lung cancer and duration of employment in high or moderate exposure jobs, but the evidence relied heavily on the findings for the highest exposure category. This observation has been reported before.5 12 Among late workers (the group with the higher SMR for lung cancer), there was no good evidence of an association between risk of dying from lung cancer and duration of employment in high exposure jobs, and no evidence whatsoever for an association with duration of employment in high or moderate exposure jobs.
In conclusion, these findings do not suggest that workers in this nickel cadmium battery factory experienced raised risks of dying from lung cancer as a consequence of exposure to cadmium oxide dust.
